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The  general  reqxlremsnta  for  on  infra-red  deooy  ere  assessed. 

Meamirascnts  are  deearibed  of  the  amission  of  standard  IUA.7.  flares. 

•*P«ri«Mntal  A. BJ>.  8.  flares.  Tor  1‘  1  latter  It  It  estimated  that  a 
ieooy  weighing  %  lb  alii  give  fbur  tinea  the  radiation  free  a  ?-baafcer  In 
the  PbS  band  Ibr  6  saoimds,  and  $  lb  will  give  four  times  tie-  ga»  radiation 
in  the  FbTe  band. 

Balao lively  emitting  materials  -  namely  Cordxtee  -  have  bs» 
investigated  with  promising  results.  Of  this  material  a  Tfcb"  decoy  would 

1 

neigh  f  lb,  and  a"Fbre*deoay  V3  lb.  Cordite  itself  bowever  is  probably 
unsatisfactory  at  high  altitudes. 

At  the  miggested  dlaoharge  rate,  protection  for  three  periods  of  ten 
minutes  would  ba  given  by  180  decoys,  while  proteotiee  for  a  full  thrae 
hours  would  need  about  1,000  deooys. 
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1  Introduction 

Deooyi  *»  of  the  possible  caoteneeae>ues  to  infra-red  Umixc 
■**•*!•■  onfl  th*ir  use  ia  considered  particularly  I'br  protection  of  tba 
v-oi*aa  boabar*  against  air-to-air  aisalla*  of  the  Jay  typ*. 

Iho  aaln  typ#  of  daooy  considered  ia  a  burning  flan  which  ia 
dropped  or  ejeoted  frca  tha  boabar  whan  und«r  afttMk.  tba  rail  ail  a  trm 
tha  flan  being  aueb  that  in  tha  oparatin  waveband  of  tha  dataotor  it  ia 
aararal  tint  ±»  lug*  as  that  froa  tha  bonbar  itaalf.  (It  baa  bacn 
decided  at  tantatiraly,  to  uaa  a  ratio  of  Vtt  in  nm— anta 

*  *?  */•)  hoalng  haad  of  tha  aiaailo  should  than  lock^n 

to  tha  decoy,  ao  that  the  aiaaile  ia  deflected  inv  as  tha  decor  aaparatea 
froa  tha  baober. 

The  chief  disadvantage  of  tha  daooy  oounteiaaaaur*  teohoiq*  ia  that 
it  la  an  intarmittant  font  of  count  am  asur*  whloh  naoesaltates  infornetloa 
to  daoida  vton  to  use  it,  and  since  the  honing  aiaallaa  an  paaaiv*  system.-. 
•”***  150  diwet  iiroiog  of  tttttk#  For  this  mica  pmifii&t  1,8, 

cointoraa sauras  an  to  ba  pro  Tarred  vheoavar  feasible  -  i.a.  radiation 
aippnxcion  in  tla  oaaa  of  tha  V-boabera. 

Whan  o abating  load  sulphide  hoalng  systaaa  it  aaaaa  faaaibla  to 
n*ioa  tha  radiation  Aroa  tha  Jet  arglnaa  to  a  level  store  our  an  Blue 
-ay  honing  aiaaile  wuld  have  inadequate  dataotion  range.  However,  in 
theaora  diet  ant  future  it  ia  likely  that  aa  aha  11  have  to  oaabat  aiaallaa 
4®llurld«  d*t*otera  which  dwtwot  not  only  tha  radiation  Arc*  the 

not  natal  of  tha  Jet  anginas,  but  also  Aron  tba  hot  i - tbaaaolves.  Is 

than  appears  to  bw  littls  hope  of  oooliia  tha  exhaust  gases*,  it  is 
thought  at  proaant  that  tha  Kit  proaiaing  oeuntaza assure  to  tha  leal 
tellurlde  honing  aianila  ia  a  suitable  daooy. 

^l»o,  aino*  then  ia  a  steady  develop**!*  la  tha  aanaitlvlty  of  PbS 
dataotion  ayataaa  and  in  tla*  power  (and  hono*  radiation  level)  of  Jat 
anginas,  thar-  la  atill  sous  interest  is  the  uaa  of  doaoya  in  this  field. 
Ovcoyu  also  may  ba  needed  aa  Aim  count  amsasurws,  or  in  oaaaa  woa-c  IJL. 
suppression  is  lmprMtioable,  It  a^y  b*  desirable  to  us*  a  a  cob lost loo  of 
Partial  I.R.  suppress ion  and  a  corresponding  daooy. 

iippanntly  tha  U.S,  an  alnady  dsaigning  flan  ajaotox*  fbr  BJ*7 
and  B.52  boabora.  Thai*  ejvotora  (designated  IN/lTF-1  f,)  uob  have  51  decoys 
in  a  spaa#  of  sbeut  a  cubic  foot,  each  20Q  g*  pallet  gives  an  aalaaian  of 
i,000  watts/nter.  is  tba  FhS  band,  for  6  aacooda. 

This  report  assesses  the  class  of  deeoys  traded  fur  tha  FbS  and  FbT* 
wavebands,  and  desoribsa  aeauureaents  Bade  c*.  various  possible  flan 
natarlal#.  It  la  hoped  that  it  will  provide  a  basis  for  discussions  on 
the  operational  suitability  of  flans  as  infra-red  count  am  asuna  and 
hens*  tha  nature  of  future  development  voile. 

2  hsaesaen^ofJCiecojr^^iBiissi^Q^Rejuind 

In  tha  R)S  waveband  our  aaasureaenta  show  that  tha  uaiaaion  of  a 
V -bonbar  with  fair  large  engines  at  amino  condition  at  an  angle 

20°  from  aatam  is—  U>0  vatts/ster.  To  give  four  tiaes  this  raiiation,  tha 
required  isotropic  emission  froa  tba  flan  will  ba  20,000  watts.  Taking  a 
desirable  burning  time  of  6  seconds  (sea  Appendix  I)  wa  therefore  need  an 
anission  of  120,000  Joulas. 


•Temporary  cooling  of  tha  exhaust  gases  by  cutting  tha  engines  is 
possible  and  may  be  an  alternative  count a measure. 
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For  the  FbTe  band  angina  data  ia  not  to  ccaprshanuive.  However,  for  a 
Sapphire  angina  at  maxi  ana  power  radiation  on  tha  baas  tfres  **»•  exfaauat  gaaaa 
alona  of  37  watta/ster.  baa  baan  observed  at  SJL*S*  lor  a  Conway  S0C7 
opari>'.ng  at  *«<«■»  czulaa  condition  the  bean  on i anion  haa  baan  fund  to  ba 
60  watta/ster.  whan  using  a  10'  6"  Jot  pipe  -  i*a.  for  a  cuodition  *ien  tnara 
ia  little  nixing  of  tha  exhaust  and  by-pass  gaa  atmw.  for  a  large  atraight 
Jat  angina  tha  aoiaaion  will  ba  greater  than  thie.  ia  a  representative  figure 
we  will  taka  tha  boan  radiation  (i.e.  gaa  radiation  only)  to  ba  60  vattn/*t*r» 
par  angina  for  naxlam  csuiss  conditions.  Thus  to  oonhat  auoh  gaa  radiation 
froa  four  anginaa  with  tha  aau  4»1  aafcty  factor  and  burning  tlaa  we  naad  for 
tha  FbTe  band -100,000  Joules.  If  in  addition  ia  tha  Pttta  band  ttaara  ia 
radiation  frcn  hot  natal  (i.a#  atern  attacks)  tha  required  decoy  aignal  will 
ba  inoreased.  For  straight  Jat  anginaa  tha  aignal  required  will  ha  nina  tinea 
tha  above,  while  for  anginaa  suppressed  to  260®C  tha  natal  emission  ahoud  ba 
120  watta/stor.  par  angina  eo  that  to  oonhat  the  total  eniaaion  will  than  naad 
2}  tinea  tha  decoy  also,  or  250,000  Joule  a. 


3  Patella  of  yield  llaaaureannta 

Uaeauranciita  ware  aade  normally  at  ranges  of  200  yards  or  acre* 

Both  tttf  aid  FIT*  detector  ayatana  used  3"  diameter  optioa  and  80Cto/a 
ohopping*  These  ayatana  ware  calibrated  in  situ  against  black  body  radiatore. 
Tha  IW  systna  used  a  garnanlua  filter  and  nad  an  affaatlva  bandwidth  of 
1 ,9-2.6  (t,  tha  FbTe  gysten  was  fitted  with  a  IM  filter  giving  an  affective 
bandwidth  of  3.2-5.1»i.  These  detector  ayatana  ware  tha  sane  ones  #xinh  tad 
bean  uaad  to  datanalna  tha  radiation  from  Jwt  enginaa  <p*oted  in  saotion  2, 


Proa  tin  aignal  lavsla  obtained  tha  total  radiation  ia  tha  above  wave¬ 
bands  oan  ba  oaloulatad. 

4  Experimental  Kasulta  for  Conventional  Pvroteoht^o  Materials 
4,1  Balenlon  Measurements 

Savaral  types  of  standard  1JUF.  flaraa  ware  ns  aau  rad,  inoluding 

(l)  3  lb,  1.6"  diaaatar  Target  Indicator  Candle 

(il)  20  lb,  4"  Aircraft  Anti-aubnarina  Flare 

(ill)  £  lb,  1,7"  Aircraft  Illuminator  Flare  Mo.  1,  Uu  1. 

Tha  last  of  tbasa  was  such  nore  affiolant  than  tha  othars  and  datailad 
results  will  ba  given  only  for  this  type. 


This  flare  oonaiats  of  3  atara,  laoh  star  has  75  P*  of  pyreteahnic 
natarisl  (32.580)  with  dinomions  2.6"  long,  1.5"  diaaatar.  It  burns  lor 
3  aaoonda  after  l£  aeoonda  delay,  The  composition  is  given  in  Appendix  H. 

The  average  neaaurad  missions  ware  I  i 


FbS  (1 .9-2.6 ia)  band,  700  watta/ster. 
SWa  (3.2-5.1p)  band,  460  watta/ster. 


I 


for  one  a  Ur 


f 


About  threw  tinea  this  value  was  obtained  whan  all  three  atara  ware 
flrwd  together,  provided  tha  atara  remained  in  tha  field  of  view  of  tha 
deteotor. 

Work  or  tha  development  of  flare  materials  has  now  started  at  A.B.S.X., 
Lang  burnt ,  and  two  types  of  apeclaona  have  baan  wpplied  to  ua  for  tasting. 
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One  type  contained  SR.580  compoaition  u  in  the  flare  described  above. 
Theee  aeuplea  contained  75  gsas  of  composition  in  cardboard  caseu  1.4.  incha* 
diameter  and  burnt  for  6  second*. 

The  average  omission  at  >CO  yards  range  *u 

3' b8  band  270  watta/ater. 

?b7e  band  180  watta/ater. 

Assuming  the  eaiaaion  to  be  iaotrople  and  allowiw  for  the  turning 
tiiae  of  the  llurtu  we  cun  ilerivo  the  following  figures  for  the  epeeiflo 
eolations 


TABTZ  I 

Emission  of  35.580  Samples 

PbS  band  270  Joules/ga. 

PbTs  band  130  Joulea/gsu 

Similar  u mission  values  to  those  in  Table  1  would  be  obtained  for  the 
1  .7”  lire  rail  FI  are  a  if  the  3  nominal  second  stars  were  aeauaod  to  burn  at 
flail  power  for  2.3  aocondo. 

The  other  composition  supplied  by  A.RJ1.2.  was  SR.107*.  Theee 
epecimur.*  were  of  ICO  gms  total  weight,  1 .4  inohoe  diameter,  and  filled 
with  75  gna  of  SR.107  maturlal.  They  burned  effootiveljr  lbr  13  to  14 
eooonde,  Tho  average  moawirod  emission  at  }O0  yards  range  ia  given  in 
Table  Zl. 


table  n 


Emission  of  SR.107  Sumplws 
PbS  band  330  watta/ater.  or  710  joules/gm. 

TbTe  band  *80  watta/ater.  or  390  Joules/gm. 

It  will  bo  seen  that  these  experimental  flares  give  two  to  throe 
tinuB  as  such  I.R,  emission  as  SR.580  used  in  the  standard  Aircraft 
Illuminator  F-lare.  From  the  ratio  of  the  ealsai.«a  in  the  two  wavebands 
(see  Figure  1’*  after  additional  allowance  for  atmospheric  absorption 
(Section  4.2).  the  efl’eotlve  black  body  temperature  of  the  burning  flare 
le  found  to  bo  about  2,000^0.  It  should  be  notod  that  this  method  of 
determining  temperature  ia  only  valln  when  no  selective  emission  occurs, 
as  would  bo  the  case  If  hot  CO?  or  vseor  vapour  resulted  from  combustion. 
This  te&reratire  agrees  well  with  the  figure  of  2,100%  determined  by 
A.R.D.2.  by  visual  py react ry  (A.R.D.t.  Branch  Remo.  34/2/57) .  For  a 
tempo raturo  of  2,000°C  the  percentage  of  the  total  radiation  which  falls 
in  the  wonted  waveband  iut 


Fbo  band 
FbTe  band 

Using  the  figure*  for  the  retired  emission  gives  in  Table  H,  the 
amount  of  3R.107  material  required  to  give  an  emission  of  fair  limes  that 

C  . 
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of  a  V-boobor  for  6  iwondi  for  tbs  Fb3  bud  will  bs  225  gas  or  $  lb*. 
Similarly,  for  ths  Pbls  bard,  ths  measured  values  at  300  yards  snow  that  to 
giro  four  tiros  tha  gas  radiation  of  the  V-bcabar  will  roqura  raignly  «  lb*. 

4.2  Atmospheric  Transmission  Measurements 

Msasurossnts  of  tha  atmospheric  transmission  at  grand  level  in  the  PbS 
and  IWe  bands  have  boon  carried  out  on  assplee  of  38.107  an)  S8.5B0.  the 
results  are  given  in  Figures  2,  3,  4  and  3  shooing  the  measured  flora  radiation 
for  ranges  up  to  about 1  nila.  Thoao  results  apply  only  at  grated  level,  it 
high  altitudes,  with  littls  water  vapour  absorption,  no  appreciable  alternation 
would  be  expected  in  the  Fb3  band  provided  glass  optica  uir*  employed  in  thi 
dotootor  ayetu.n  to  remove  the  effects  of  COy  absorption  at  2.7s*.  Howver,  us 
tbo  manured  absorption  at  ground  level  is  in  fact  aaall,  the  increase  in 
signal  at  high  altitude  will  be  slight. 

In  «h«  IWe  region  at  ground  level  both  water  vapour  and  COg  absorption 
bands  are  present.  In  fact  tha  waiar  vapour  absorption  at  both  edges  of  the 
band  suet  be  quite  appreciable  to  account  for  tha  relatively  steep  alternation 
observed.  At  high  altitudes  only  COj  absorption  would  remain  aid  the  infruprtd 
transmission  would  be  considerably  increased.  Figure  5  indicates  that  at  sero 
range  (i.e.  no  absorption)  tha  signal  would  be  about  5 &  greater  so  that  for 
high  altitude  operation  wharu  absorption  nay  be  unimportant  ths  weight  cf  an 
£8.107  decoy  for  the  PbTe  band  could  ba  reduced  to  about  i  lb*. 

5  Selectively  Emitting  Materials 

It  seemed  that  a  considerable  gain  in  radiant  efficiency  wuld  be 
obtained  if  a  flare  material  which  emitted  selectively  in  the  spectral  region 
required  could  bo  used.  In  particular  it  seeied  promlslcg  tu  investigate 
decoys  ahich  gave  COg  emission  for  tha  IWe  band,  and  to  a  leaser  extant  to 
have  HgO  emission  in  both  bazdo.  Both  these  requirements  con  as  met  by 
burning  hydro-carbons  end  as  a  convenient  form  of  material  carrying  its  own 
oxygen  we  used  Cordite  of  various  types* 

5*1  Socotra!  distribution  of  Cordite  HidUUai 

In  older  to  measure  the  spectral  distribution  of  radiation  small  sasiplos 
of  Cordite  were  bumod  at  a  fixed  position  near  the  entrance  slit  of  the 
apoct  remoter.  Three  samples  were  bumod  for  each  wavelength  setting  of  the 
spectrometer  so  that  repuatabllity  could  be  checked. 

The  spec t remoter  end  detection  eyetea  were  then  calibrated  over  the 
earn  wavebanJ  by  uso  of  a  black  body  radiator,  so  that  the  true  spectral 
emission  could  be  found. 

The  results  for  typo  SC  are  shown  in  Figure  6.  It  will  be  seen  that 
there  ore  airked  amission  bands  in  the  region  of  2.8p  and  4.5m.  All  types  of 
Cordite  gave  similar  results  in  the  iVTo  band  -  in  tbs  IbS  oond  the  emission 
of  type  CSC  was  about  twice  that  of  typo  SC. 

3.2  Total  Emission  of  Cordite  in  fbS  end  PWe  Wavebands 

lfoaauremuata  of  the  emlaaion  of  weighed  qiantitios  of  Cordite  ware  mode 
using  the  PbS  and  FbTo  detecting  systems.  Results  for  the  best  tyt«  (CSC)  are 
shown  in  Table  III.  foe  vohies  aro  an  average  of  about  20  xomilts  at  ranges 
between  100  and  3C0  yards. 
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T1BI3  m 

Emloslon  of  Cordite 


PCT*  bant 


Type  CSC  (Average  of  80)  J8  watt a/s ter.  41  wmtts/s.er.  8  ascends  for  A..7 

t*. 


fro  a.  th*  above  results  we  find  th*  apeci'ac  emission  for  maeaurlng 
ranges-*  i'OO  yards  to  bei- 

Vbfl  band  780  Joulna/gn. 

FbT#  band  880  Jaulna/gau 

Comparison  with  Table  ZZ  shorn  that  th*  Cordite  l»  box*  than  twi<**  ax  gooJ 
u  th*  8R.107  composition  in  th*  Rtf*  bant,  and  i*  xocs*ut  bettm  in  tr.a 
Pb3  bant.  For  six  1*0008  dpcoys  th*  requlrud  wm,jhta  of  Cordite  MR.aU  b<* 
i  lb  for  tha  FbS  bead  and  V  3  lb  fbr  th*  Fbfa  banl*. 

Th*  reaction  energy  of  Cord  it*  is  quoted  as  1,100  joul  *Vg*u  itarxo 
fron  tho  abonr*  figures  KW  of  th*  available  energy  is  being  radiated  In  th* 
SW»  band  and  17J»  la  th*  FbS  band  -  i.a.  JTJt  of  th*  radiation  is  ua*:\.l. 
Trom  figure  6  it  is  clear  that  there  1*  considerable  isolation  between  tha 
two  useful  band*,  l.s,  2.6«3.2o,  shiah  may  be  of  value  at  high  altitudes 
•here  water  vapour  absorption  la  low, 

5*3  Alwomharlo  Absorption  of  Cordlta  Radiation 

Attempts  to  aoajuro  th*  ttaospharlo  absorption  of  Cordite  radiation 
at  grourd  level  have  not  been  wry  sat  is  factory ,  This  is  mainly  due  to 
tlx*  arratio  burning  of  tho  axaplca  in  the  open,  lioeever,  an  average  of 
■any  nsuureaonts  of  radiation  at  rang**  up  to  1,000  yards  indicate  a 
fairly  rapid  fall  in  radiation  in  the  FbT*  band.  The  fall  in  reflation 
with  raj- go  1*  greater  than  that  experienced  by  a  jet  engine  pinna  where  a 
fall  to  j  occurs  in  800  yards  -  *ilch  is  sen  what  surprising  si  exes  CC?  in 
th*  Jet  plica#  would  ba  at  a  lower  temperature  than  th*  Cordite  flstsu, 

A  possible  explanation  may  be  that  water  vapour  i*  also  causing  apprscisblu 
absorption  since  the  Cordite  snissicn  extends  to  th*  water  vapour  bards 
around  3  and  5  mlorons* 

Tha  remits  indicate  that  at  aaro  rang*  (i,«,  no  absorption)  tha. 
(mission  would  bo  about  twice  that  atasured  at  ranges  —200  yards  and 
Rioted  in  Table  111,  Thus  at  high  alt  it  ud  os  where  absorption  will  be 
noil  it  night  b*  poesibla  to  reduce  th*  weight  of  the  Cordite  despy  to 
V6  lb  for  ua*  in  tha  Fb?e  bard. 

C  Cong laalona 


Th*  S3.107  ouaxpoaitioa  developed  by  A,R*I1,S.  is  abosm  to  b*  a 
uaafUl  infra-red  decay  mterial,  and  it  is  atrorgly  recoaasndcd  that  these 
workers  shoxld  be  encouraged  to  coatiaxe  their  devolcfuunt  of  such 
pyroteohnlc  nets rials, 

Tha  high  apoelfio  *  mi  salon  of  Cordite  aakea  it  a  promising  infra-rad 
deooy  material*  Zn  its  normal  fens  however  it  is  extremely  pressure 
sensitive  and  will- ret  burn  at  all  well  at  low  ambient  pros sure a 
(see  Appendix  ZZX),  Zt  may  ba  possible  to  overcome  this  defect  by 
partially  confining. th*  Cordite  or  by  it  with  a  magnesium  based 


•  Including  an  ul  Iowan:  a  of  2%»  of  total  weight  for  a  suitable  c  ora  board 


case. 
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pyrotechnic  material,  or  possibly  by  using  som  of  t’ru  other  self  oxidizing 
hydrocarbon*  which  would  bo  expected  to  h*vc  similar  infrared  properties* 

It  is  reoosnmnded  that  k,R*D,2,  should  be  asicod  to  investigate  such  se!ecti\e 
eidtting  Materials,  including  Kol  7,  whioh  is  reported  from  America  to  be  a 
very  efficient  decoy  material  with  a  low  burning  temperature— 1 ,700°C. 

At  the  discharge  rate  suggested  in  Appendix  I,  namely  every  10  seconds, 
protection  for  three  periods  of  1C  mlxutes  would  be  given  by  180  decoys,  *cd 
protection  for  a  full  three  hours  by  about  1 ,000  decoys* 

The  degree  of  protection  expected  frcm  3  lb  decoys  for  various  conditions 
is  ausmarised  in  terms  of  ths  mabsr  of  engines  which  would  give  the  a erne 
signal,  in  Table  IV. 


Attic  had  i 

Table  XV 

Appendices  I  -  III 
Olegs  J4ad/t’. J&6-381 3 
Detachable  Abstract  Cards 
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3<nlvnlent  salon  cf  \  lb  ?lAra»  in  tarae  of  angina  Radiation 
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N.D,  At  long  ranga*  target  is  fcrir  anginas.  At  ranges  below  1,500  yard a  target  is  only  two  engines 


SSCSEr-DISCHEKT 


r 


Technical  Rot*  No.  US  102 


IFFSKDII  1 

Kieeile  end  Decoy  Characteristics 

TiJcing  Blue  Jay  as  a  reference  for  the  honing  ad. mile,  the 
lnsta^-ixeous  field  of  -v lew  end  the  number  of  anginas  of  a  V-bo«ber 
aeen  limit  aneoualy  et  various  ranges  are  given  In  Table  T. 

ttBIZ  V 


Missile  Field  of  View 

Blue  Jav  instantaneous  Field  of  Visa-  (0.2*11) 
Ranro  Field  of  View  No.  of  Engines 


4,000  yards  42  feet  4 
3,000  yards  31  foot  4 
2,000  yards  21  l'eet  3 
1,000  yards  10  foet  2 


Thus  at  noraal  lmnohlng  ranges  lour  eciglnus  will  be  seen,  but  over 
the  last  1 ,500  yards  of  approach  not  aore  than  tin  engines  will  be  prodding 
the  target  signal.  Xu  view  of  this  it  Bight  be  psmissible  to  rwhioe  the 
decoy  eaission  to  twice  that  of  the  four  engines,  with  the  knowledge  that 
in  the  oloaing  stages  thla  will  be  four  tinea  the  target  slpial.  This  wild 
halve  the  weight  of  all  the  decoys  quoted  in  this  report. 

The  field  of  view  for  recapture  of  a  target  for  Blue  Jay  im-t  If0  - 
i.a,  the  decoy  mat  take  the  hoeing  bead  at  least  this  far  off  ths  target 
before  burning  ends  or  ths  target  will  be  fbued  again.  At  the  aaanma 
likely  launching  range  of  4,000  yards  this  oorrasponda  to  1  300  I;. 

To  provide  auch  a  separation  tram  the  target  by  falling  freely  under 
gravity  the  decoy  will  require  to  turn  for  over  four  seconds.  On  the  other 
hand,  if  the  aissile  ia  as  3,000  yards  at  launch,  and  tt-e  missile  heed  is 
slaved  to  the  target  by  radar  for  example  so  that  it  does  nut  follow  a  decoy 
before  launching,  than  after  3?  seconds  a  decoy  would  buv&  fallen  aitaide 
thu  field  of  view,  eo  that  a  burning  tine  ouch  longer  than  this  mxild  be 
wasteful.  At  optima  burning  tiae  of  5  or  6  seconds  is  Indicated  by  these 
considerations. 

An  eat  last  a  can  be  siede  of  the  advisable  rate  of  ejection  of  decoys 
using  the  tentative  assumptions  that  the  overtaking  speed  of  the  aisails  is 
1 ,000  f/seo.  and  that  it  ahould  approach  within  1 ,000  yards  without  "seeing” 
a  decoy.  Now  fer  launching  ranges  of  2,000^4,000  yards  toe  decoy  is  olw^fs 
out  aide  ths  field  of  vlsw  about  4  seconds  after  ejection ,  so  that  the  aissile 
could  bs  fired  at  this  tine,  ihe  intervening  distance  sill  be  covered  ia 
3-9  seconds  and  the  permissible  interval  between  ejections  is  thus  7-13 
seconds. 

For  average  conditions  therefore  a  6  second  decoy  avery  10  secondu 
should  be  suitable. 

At  thin  discharge  rate,  protection  for  three  periods  of  10  minutes 
would  re quim  160  deooys,  while  protection  for  a  f\ill  three  hours  would  new) 
about  1,000  deooys.  In  thla  latter  case  the  overall  wight  Including 
ejectors  would  Appro tjOOO  lba.  This  la  several  "tiaeu  bigger  than 
estimated  in  A.K.D.Z.  Branch  Memo.  S4/2/57  mainly  because  that  report  assumed 
deooys  only  equivalent  to  the  target  and  sot  four  tines  as  large,  as 
considered  here.  , 
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APTBCIX  n 
Plaroc 


Composition  -  Percentage  by  Weight 


—  -  — 

Hag ns slum 

Acaroid 

Resin 

SR. 107 

35 

65 

- 

- 

SK.560 

CO 

• 

% 

V 

The  reactions  of  the  above  materials  an*  of  nss*i*aium  burning  to 
magnesium  oxide  with  the  oxygen  supplied  by  a  convenient  solid  chemical. 

The  SR.560  was  designed  to  give  as  fcich  visible  radiation  a a  poaaihle  and  ^ 
thle  la  aohiaved  by  making  the  flare  bum  »-s  hot  as  possible,  about  -,700~~ 
with  thia  mixture.  A  greater  proportion  of  the  radiation  ia  eailttod  in  the 
infra-red  if  a  mixture  can  be  made  to  bum  at  a  lower  tmaperature  such  na 
by  nuking  it  burn  at  half  tha  apeed.  Por  magnesium  to  continue  burning 
reliably  with  moat  oxidising  agents  retires  a  temperature  of  about  2,10C“u  - 
this  la  attained  in  SB. 107. 

The  rate  of  burali*  of  a  flare  can  be  obenged  by  altering  either  the 
ooupoeition  or  the  pert  idle  aiae  of  the  mixture  vdiioh  affeota  tb*  rake  at 
which  oxygon  oan  ba  made  available  to  the  magnesium.  At  low  temperatures 
the  emission  may  levs  more  rpeotral  selectivity  i.e.  the  radiation  m*y  not 
correspond  with  that  of  a  black  body  nt  acme  wavelengths.  In  addition  there 
may  be  soma  select iva  mission  from  tha  hot  air  aramd  tha  burning  flare  - 
particularly  CO2  and  HjO  emission  -  if  n  sufficient  thioknesa  of  air  is 
heatod.  lievaral  attempts  have  been  sm^o  to  measure  the  sfectrel  emission, 
but  the  reeults  ware  inconclusive. 
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APPKNDg  HI 
Cordite 


Composition 


Nitrocellulose 

Nitroglycerine 

Carbasdte 

D.3-F. 

W/3 

55 

22 

3.5 

19.5 

CSC 

50 

35 

9 

6 

sc 

49.5 

41.5 

9 

0 

ISC 

49.5 

47 

3.5 

0 

tU/i  Contains  1>*  Potassium  Cryolite;  all  cosimtitions  contain  about 
0.15*  wax  or  chalk.  D.BJP.  is  di-butyl-phthalate. 

Unlike  flares,  Cordites  do  not  react  as  a  solid-solid  phase,  but 
instead  as  a  vapour  phase  reaction.  In  conseifienoe  the  speed  ox*  i  section 
is  highly  dependent  on  the  pressure  of  the  at aoa phare  in  which  they  bum. 

It  was  found  that  non*  of  the  above  Cordites  would  burn  at  pressures  less 
tlian  V6  atmosphere  and  now  would  burn  reliably  below  */5  atmosphere. 

It  may  be  possible  that  Cordite  eompositiona  can  oe  modified  to  bum 
at  high  altitudes.  Since  they  contain  their  own  oxygen  ntpply  their  burn¬ 
ing  la  independent  of  the  composition  of  the  atmosphere  in  which  they  burn. 
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ATMOSPHERIC  TRANSMISSION  OF  SR. 580 
RADIATION  IN  PbS.  BAND. 
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FIG.3. 


FIG.3.  atmospheric  transmission  ofsrsso 

RADIATION  IN  PbTc  BA N D . 


MEASUREO  RAOIATIOH,  WATTS/STERAOiAN 


SR  107  RADIATION  IN  PbS.  MNP 
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FIG  5. 


FIG. 5.  ATMOSPHERIC  TRANSMISSION  OF 
SR  107  RADIATION  IN  PbTe  BAND 
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FIG. 6.  SPECTRAL  EMISSION  OF  CORDITE 
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